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(57) ABSTRACT 

Provided are a capacitorless DRAM (dynamic random 
access memory) and a fabrication method thereof. In a 
capacitorless DRAM, a pair of cylindrical auxiliary gates is 
formed Within a bulk substrate. Thus, a volume of a channel 
body formed at a region Where the cylindrical auxiliary gates 
contact With each other can be increased, While an area of a 
junction region Where the channel body contact source and 
drain regions can be reduced. As a result, capacitance of the 
channel body can be increased, and a generation of leakage 
current through the second junction region can be reduced. 
The application of a back bias to the cylindrical auxiliary 
gates can improve a charge storage capability of the channel 
body. 
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CAPACITORLESS DRAM WITH 
CYLINDRICAL AUXILIARY GATE AND 
FABRICATION METHOD THEREOF 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

[0001] This application claims the bene?t of Korean 
Patent Application No. 10-2006-0002378, ?led on Jan. 9, 
2006, in the Korean Intellectual Property O?ice, the contents 
of Which are incorporated herein in their entirety by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a semiconductor 
memory device, and more particularly, to a capacitorless 
dynamic random access memory (DRAM) and a fabrication 
method thereof. 
[0004] 2. Description of the Related Art 
[0005] A typical DRAM is con?gured With one transistor 
and one capacitor. This structural con?guration is denoted as 
“lT/ 1C” hereinafter. HoWever, When lT/ 1C DRAMs are 
embedded into a chip With other devices, formation of 
capacitors gets complicated due to the large integration scale 
of chips. 
[0006] Hence, other types of DRAM, Which can store data 
Without a capacitor, have been suggested. One example of 
such a DRAM is a capacitorless DRAM that stores charges 
into a body of a substrate. 
[0007] FIGS. 1A and 1B are cross-sectional vieWs illus 
trating operation of a capacitorless DRAM. Referring to 
FIG. 1A, a high voltage is applied to a gate 20 and a drain 
11 to generate excess holes 1, Which are hot carriers, in a 
channel body 13 of a substrate. Since an oxide barrier 10 is 
formed beneath the channel body 13, the excess holes 1 
cannot escape. As a result, the excess holes 1 are kept Within 
the channel body 13. This con?nement state of the excess 
holes 1 Within the channel body 13 is stored as “1.” 
Referring to FIG. 1B, current ?oWs betWeen a source 12 and 
the drain 11 to remove the excess holes 1 from the channel 
body 13. This escape state of the excess holes 1 from the 
channel body 13 is stored as “0.” When a corresponding 
transistor is selected, depending on a storage state, i.e., “l” 
or “0,” a threshold voltage level is different and a current 
level also varies. Using this variation, a read operation is 
executed. 
[0008] The excess holes Within the channel body generally 
disappear via recombination as time elapses. A time till the 
excess holes disappear is called retention time. Thus, a 
method of elongating the retention time is an important 
consideration for improving ef?ciency of a capacitorless 1T 
DRAM. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a capacitorless 
DRAM With a suf?cient retention time. 
[0010] The present invention also provides a method of 
fabricating a capacitorless DRAM With a suf?cient retention 
time on a bulk substrate. 

[0011] According to an aspect of the present invention, 
there is provided a capacitorless DRAM (dynamic random 
access memory) including: a substrate including device 
isolation regions; a pair of plug nodes formed apart Within 
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the substrate and having a top surface exposed to a surface 
of the substrate; a pair of cylindrical auxiliary gates con 
nected With the plug nodes and contacting With each other 
Within the substrate; source and drain regions disposed apart 
in portions of the substrate con?ned by the device isolation 
regions, the plug nodes and the cylindrical auxiliary gates; 
a channel body formed betWeen the source and drain 
regions; and a main gate disposed over the channel body and 
insulated from the substrate. 
[0012] The channel body may be formed at a region Where 
the cylindrical auxiliary gates contact With each other. 
[0013] A depth of a central portion of the channel body 
may be larger than that of a junction region at Which the 
channel body contacts the source and drain regions. 
[0014] The cylindrical auxiliary gates may be electrically 
connected With each other. In this case, the capacitorless 
DRAM may further include an auxiliary gate contact formed 
over the substrate, Wherein the auxiliary gate contact is 
electrically connected With one of the plug nodes. 
[0015] Alternatively, the cylindrical auxiliary gates may 
be electrically insulated from each other. In this case, the 
capacitorless DRAM may further include auxiliary gate 
contacts formed over the substrate, Wherein the auxiliary 
gate contacts are electrically connected With the respective 
plug nodes. 
[0016] The capacitorless DRAM may further include 
source and drain contacts formed over the substrate, Wherein 
the source and drain contacts are electrically connected With 
the source and drain regions. 
[0017] In one embodiment, the DRAM includes auxiliary 
gate contacts electrically connected With the plug nodes and 
formed over the substrate. 

[0018] According to another aspect of the present inven 
tion, there is provided a capacitorless DRAM including: a 
substrate of a ?rst conductivity type; a pair of plug nodes 
formed apart Within the substrate in parallel and having a 
surface exposed to a top surface of the substrate; a pair of 
cylindrical auxiliary gates connected With bottom portions 
of the plug nodes and contacting With each other Within the 
substrate; source and drain regions of a second conductivity 
type disposed apart Within an active region con?ned by the 
device isolation regions, the plug nodes and the cylindrical 
auxiliary gates; a channel body of the ?rst conductivity type 
formed betWeen the source and drain regions; and a main 
gate formed over the channel body. 
[0019] In one embodiment, the ?rst conductivity type is a 
p-type and the second conductivity type is an n-type. 
[0020] In one embodiment, a depth of a central portion of 
the channel body is larger than that of a junction region at 
Which the channel body contacts the source and drain 
regions. 
[0021] In one embodiment, an insulation layer is inter 
posed betWeen the plug nodes, the cylindrical auxiliary gates 
and the substrate. 
[0022] According to another aspect of the present inven 
tion, there is provided a method of fabricating a capacitor 
less DRAM including: forrning a pair of trenches apart from 
each other Within a substrate including device isolation 
regions; forming a protection layer on sideWalls of the 
trenches; isotropically etching the bottom of the trenches to 
form cylindrical openings underneath the trenches With the 
protection layer, the cylindrical openings having a larger 
diameter than a Width of the trenches and contacting the 
cylindrical openings With each other; removing the protec 
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tion layer; forming an insulation layer on the substrate in 
contact With the trenches Without the protection layer and 
the cylindrical openings; implanting ions of a ?rst conduc 
tivity type onto an active region of the substrate con?ned by 
the trenches, the cylindrical openings and the device isola 
tion regions; forming a conductive layer on the substrate 
doped With the ions of the ?rst conductivity type such that 
the conductive layer ?lls the cylindrical openings and the 
trenches; patterning the conductive layer to form a main gate 
over the substrate and plug nodes and cylindrical auxiliary 
gates Within the substrate; and implanting ions of a second 
conductivity type onto the active region using the main gate 
as a mask to form source and drain regions and a channel 
body betWeen the source and drain regions. 
[0023] According to another aspect of the present inven 
tion, there is provided a method of fabricating a capacitor 
less DRAM including: forming a pair of trenches apart from 
each other Within a substrate including device isolation 
regions; forming a protection layer on sideWalls of the 
trenches; isotropically etching the bottom of the trenches to 
form cylindrical openings underneath the trenches With the 
protection layer, the cylindrical openings having a larger 
diameter than a Width of the trenches and contacting the 
cylindrical openings With each other; removing the protec 
tion layer; forming an insulation layer on the substrate in 
contact With the trenches Without the protection layer and 
the cylindrical openings; implanting ions of a ?rst conduc 
tivity type onto an active region of the substrate con?ned by 
the trenches, the cylindrical openings and the device isola 
tion regions; ?lling the cylindrical openings and the trenches 
With a conductive layer to form plug nodes and cylindrical 
auxiliary gates Within the substrate; forming a main gate 
over the substrate in Which the cylindrical auxiliary gates are 
formed; and implanting ions of a second conductivity type 
onto the active region using the main gate as a mask to form 
source and drain regions and a channel body betWeen the 
source and drain regions. 
[0024] Forming the trenches may include forming a hard 
mask layer on the substrate; forming a photoresist pattern on 
the hard mask layer, the photoresist pattern exposing regions 
in Which the trenches are to be formed; and etching portions 
of the substrate using the photoresist pattern as a mask. 
[0025] The channel body may be formed at a region Where 
the cylindrical auxiliary gates contact With each other. 
[0026] A depth of a central portion of the channel body 
may be larger than that of a junction region at Which the 
channel body contacts the source and drain regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the more 
particular description of preferred aspects of the invention, 
as illustrated in the accompanying draWings in Which like 
reference characters refer to the same parts throughout the 
different vieWs. The draWings are not necessarily to scale, 
emphasis instead being placed upon illustrating the prin 
ciples of the invention. In the draWings, the thickness of 
layers and regions are exaggerated for clarity. 
[0028] FIGS. 1A and 1B are cross-sectional vieWs illus 
trating operation of a conventional capacitorless lT DRAM. 
[0029] FIG. 2 is a top vieW illustrating a capacitorless 
DRAM cell according to an embodiment of the present 
invention. 
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[0030] FIG. 3 is a cross-sectional vieW of the capacitorless 
DRAM cell taken along the line I-I illustrated in FIG. 2. 
[0031] FIGS. 4A through 4] are cross-sectional vieWs 
illustrating a method of fabricating a capacitorless DRAM 
cell according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] In a capacitorless lT DRAM Which stores charges 
into a channel body of a substrate, a data retention time gets 
shorter as charges that are stored into the channel body leak 
out of the channel body or How into the channel body. 
Therefore, one method of increasing the retention time is to 
increase the volume of a channel body into Which charges 
are stored, decrease a cross-sectional area of junction 
regions through Which charges leak out of the channel body, 
Wherein the junction regions are formed betWeen the chan 
nel body and each of a source and a drain, or to apply a 
back-gate bias to the channel body in order for the channel 
body to hold a high amount of charges. 
[0033] FIG. 2 is a top vieW illustrating a capacitorless 
DRAM cell according to an embodiment of the present 
invention. FIG. 3 is a cross-sectional vieW of the capacitor 
less DRAM cell taken along the line I-I illustrated in FIG. 
2. Hereinafter, the capacitorless DRAM cell illustrated in 
FIG. 3 Will be described ?rst for the better understanding of 
the present embodiment. 
[0034] Referring to FIG. 3, an active region 105 is sur 
rounded by plug nodes 120 and cylindrical auxiliary gates 
122. The plug nodes 120 are formed in portions of a 
substrate 100 disposed at both sides of the active region 105. 
The cylindrical auxiliary gates 122 are connected With the 
respective plug nodes 120 and contact With each other. The 
plug nodes 120 and the cylindrical auxiliary gates 122 are 
insulated from the substrate 100 by an insulation layer 124 
formed around the plug nodes 120 and the cylindrical 
auxiliary gates 122. As illustrated in FIG. 3, the cylindrical 
auxiliary gates 122 may be insulated from each other by the 
insulation layer 124 disposed betWeen the cylindrical aux 
iliary gates 122. Alternatively, the insulation layer 124 may 
not be formed betWeen the cylindrical auxiliary gates 122, so 
that the cylindrical auxiliary gates 122 are electrically con 
nected With each other. 
[0035] Source and drain regions 103 are formed apart 
Within the active region 105, and a channel body 104 is 
formed therebetWeen. A main gate 130 is formed over the 
channel body 104. 
[0036] The channel body 104 is formed Where the cylin 
drical auxiliary gates 122 contact With each other. Thus, 
compared With the case of using a conventional silicon-on 
insulator (SOI) substrate, a volume of the channel body 104 
is increased as large as an area beneath a dotted portion 
illustrated in FIG. 3. Hence, the channel body 104 can 
accommodate a higher amount of charges than other con 
ventional ones. When the substrate 100, the source and drain 
regions 103 and the channel body 104 are a p-type, an n-type 
and a p-type, respectively, i.e., an n-channel metal oxide 
semiconductor ?eld effect transistor (MOSFET), charges 
that are stored into the channel body 104 becomes holes. 
[0037] Because of the cylindrical auxiliary gates 122, 
bottom portions of the source and drain regions 103 are 
allocated above a bottom portion of the channel body 104, 
and a depth of an individual boundary region 106 betWeen 
each of the source and drain regions 103 and the channel 
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body 104 is smaller than that of the channel body 104. 
Therefore, an area of the individual boundary region 106 is 
decreased. As mentioned above, charges may leak out of the 
channel body 104 through these boundary regions 106. 
Thus, the decreased area of the boundary regions 106 can 
reduce leakage of charges. 
[0038] Applying a back bias to the cylindrical auxiliary 
gates 122 enables the channel body 104 to accommodate a 
high amount of charges. The cylindrical auxiliary gates 122 
and the insulation layer 124 con?ne the bottom surface of 
the active region. Therefore, according to the present 
embodiment, device isolation, Which is achieved With an 
$01 substrate, can still be achieved even With using a bulk 
substrate. 
[0039] With reference to FIG. 2, the active region 105 is 
con?ned by device isolation regions 110 and the plug nodes 
120. The device isolation regions 110 are disposed at the 
front and back sides of the active region 105. The plug nodes 
120 surrounded by the insulation layer 124 (refer to FIG. 3) 
are disposed at the lateral sides of the active region 105 in 
parallel to the main gate 130. Since the plug nodes 120 and 
the cylindrical auxiliary gates 122 are surrounded by the 
insulation layer 124, the plug nodes 120, the cylindrical 
auxiliary gates 122 and the device isolation regions 110 
isolate the active regions 105 electrically. 
[0040] The plug nodes 120 may be formed in a straight 
line extending in parallel to the main gate 130 or in a short 
straight line extending over a number of cells or one cell. 
Although not illustrated, in the case that the plug nodes 120 
are formed as being separated from each other in each cell, 
a contact connected to the individual plug node 120 needs to 
be formed in each cell to apply a back bias to the cylindrical 
auxiliary gates 122. HoWever, in the case that the plug nodes 
120 are formed commonly as being laid over a number of 
cells, one contact may be formed in a common cell. When 
the plug nodes 120 are formed in the shape of an extended 
straight line, contacts may be formed outside the cell region. 
The cylindrical auxiliary gates 122 on the left and right sides 
of the active region 105 are connected With each other 
Without being separated by the insulation layer 124, a 
contact may be formed in one of the left and right sides of 
the active region 105. 
[0041] FIGS. 4A through 4] are cross-sectional vieWs 
illustrating a method of fabricating a capacitorless DRAM 
cell according to an embodiment of the present invention. 
[0042] Referring to FIG. 4A, a hard mask layer 112 is 
formed on a substrate 100 in Which device isolation regions 
(not shoWn) are formed, and a photoresist pattern 114 is 
formed on the hard mask layer 112. The hard mask layer 112 
may be formed of silicon nitride. 
[0043] Referring to FIG. 4B, the hard mask layer 112 is 
etched using the photoresist pattern 114 as a mask to form 
a hard mask pattern 112'. 

[0044] Referring to FIG. 4C, portions of the substrate 100 
are etched using the hard mask pattern 112' as a mask to 
form trenches 101. A depth of the individual trench 101 is 
determined by considering a volume of a channel body to be 
formed. 
[0045] Referring to FIG. 4D, an oxide layer 102 is formed 
on sideWalls of the trenches 101. The oxide layer 102 may 
be formed via a thermal oxidation process. 

[0046] Referring to FIG. 4E, an isotropic etching process 
is performed on the bottom of the trenches 101 to form 
cylindrical openings 103 underneath the trenches 101. The 
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isotropic etching process may be a Wet etching process. 
During the isotropic etching process performed on the 
bottom of the trenches 101, the trenches 101 are not 
extended toWard the lateral sides of the trenches 101 since 
the sideWalls of the trenches 101 are protected by the oxide 
layer 102. 
[0047] Referring to FIG. 4F, an ion implantation process is 
performed on an active region 105 of the substrate 100 to 
form a channel. For instance, When an n-type channel of an 
nMOSFET is formed, a p-type ion implantation process is 
performed. The p-type ion implantation process dopes the 
active region 105 With p-type impurities. 
[0048] Referring to FIG. 4G, an insulation layer 124 is 
formed on sideWalls of the trenches 101 and the cylindrical 
openings 103. For instance, the insulation layer 124 may be 
formed via a thermal oxidation process. 

[0049] Referring to FIG. 4H, a conductive layer is formed 
on the entire surface of the substrate 100 such that the 
conductive layer ?lls the trenches 101 and the cylindrical 
openings 103 on Which the insulation layer 124 is formed, 
and a chemical mechanical polishing process is performed to 
remove the conductive layer formed on the substrate 100. 
The conductive layer may be formed of polycrystalline 
silicon or metal. As the conductive layer ?lls the trenches 
101 and the cylindrical openings 103, plug nodes 120 and 
cylindrical auxiliary gates 122 are formed Within the sub 
strate 100. The insulation layer 124 insulates the plug nodes 
120 and the cylindrical auxiliary gates 122 from the sub 
strate 100. 

[0050] The cylindrical auxiliary gates 122 as described in 
FIGS. 4A through 4H may be formed by a process of 
fabricating a sphere-shaped-recess-channel-array transistor 
(SRCAT) of a lT/ 1C DRAM described in an article entitled 
“Technology for 70 nm DRAM feature siZe and beyond” in 
2005 VLSI Technology, incorporated herein in its entirety by 
reference. The application of this fabrication process can 
improve reliability. 
[0051] Referring to FIG. 41, a typical gate process is 
performed to form a main gate 130 over the active region 
105 subjected to the channel ion implantation process. In the 
present embodiment, the plug nodes 120 and the cylindrical 
auxiliary gates 122 are formed by ?lling the trenches 101 
and the cylindrical openings 103 With the conductive layer, 
and the main gate 130 is formed separately thereafter. As 
another method, the conductive layer is formed on the entire 
surface of the substrate 100 such that the conductive layer 
?lls the trenches 101 and the cylindrical openings 103, and 
the conductive layer is patterned to simultaneously form the 
plug nodes 120, the cylindrical auxiliary gates 122 and the 
main gate 130. 
[0052] Referring to FIG. 4], an ion implantation process is 
performed using the main gate 130 as a mask to form source 
and drain regions 103. 
[0053] According to the exemplary embodiments of the 
present invention, a pair of cylindrical auxiliary gates is 
formed Within a bulk substrate, and thus, a volume of a 
channel body formed Where the cylindrical auxiliary gates 
contact With each other can be increased as Well as an area 

of a region at Which source and drain regions contact the 
channel body can be reduced. As a result, a capacitance level 
of the channel body can be increased, and generation of 
leakage current through junction regions betWeen the chan 
nel body and each of the source and drain regions can be 
reduced. Also, a charge storage capability of the channel 



US 2007/0161181A1 

body can be improved by applying a back bias to the 
cylindrical auxiliary gates. The improvement in the charge 
storage capability can elongate a data retention time. 
[0054] Since an insulation layer formed on the cylindrical 
auxiliary gates serves as a burial oxide layer in an $01 
substrate, a IT DRAM can be fabricated in a bulk substrate. 
Hence, manufacturing costs can be reduced. The application 
of the aforementioned SRCAT process of fabricating a IT 
DRAM can improve process reliability. 
[0055] While the present invention has been particularly 
shoWn and described With reference to exemplary embodi 
ments thereof, it Will be understood by those of ordinary 
skill in the art that various changes in form and details may 
be made therein Without departing from the spirit and scope 
of the present invention as de?ned by the folloWing claims. 

What is claimed is: 
1. A capacitorless DRAM (dynamic random access 

memory) comprising: 
a substrate including device isolation regions; 
a pair of plug nodes formed apart Within the substrate and 

having a top surface exposed to a surface of the 
substrate; 

a pair of cylindrical auxiliary gates connected With the 
plug nodes and contacting With each other Within the 
substrate; 

source and drain regions disposed apart in portions of the 
substrate con?ned by the device isolation regions, the 
plug nodes and the cylindrical auxiliary gates; 

a channel body formed betWeen the source and drain 
regions; and 

a main gate disposed over the channel body and insulated 
from the substrate. 

2. The capacitorless DRAM of claim 1, Wherein the 
channel body is formed Where the cylindrical auxiliary gates 
contact With each other. 

3. The capacitorless DRAM of claim 2, Wherein a depth 
of a central portion of the channel body is larger than that of 
a junction region at Which the channel body contacts the 
source and drain regions. 

4. The capacitorless DRAM of claim 1, Wherein the 
cylindrical auxiliary gates make an electrical connection 
With each other. 

5. The capacitorless DRAM of claim 1, Wherein the 
cylindrical auxiliary gates are electrically insulated from 
each other. 

6. The capacitorless DRAM of claim 1, further compris 
ing source and drain contacts electrically connected With the 
source and drain regions and formed over the substrate. 

7. The capacitorless DRAM of claim 1, further compris 
ing auxiliary gate contacts electrically connected With the 
plug nodes and formed over the substrate. 

8. The capacitorless DRAM of claim 4, further compris 
ing an auxiliary gate contact electrically connected With one 
of the plug nodes and formed over the substrate. 

9. The capacitorless DRAM of claim 5, further compris 
ing auxiliary gate contacts electrically connected With the 
respective plug nodes and formed over the substrate. 

10. A capacitorless DRAM comprising: 
a substrate of a ?rst conductivity type; 
a pair of plug nodes formed apart Within the substrate in 

parallel and having a top surface exposed to a surface 
of the substrate; 
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a pair of cylindrical auxiliary gates connected With bottom 
portions of the plug nodes and contacting With each 
other Within the substrate; 

source and drain regions of a second conductivity type 
disposed apart Within an active region con?ned by the 
device isolation regions, the plug nodes and the cylin 
drical auxiliary gates; 

a channel body of the ?rst conductivity type formed 
betWeen the source and drain regions; and 

a main gate formed over the channel body. 
11. The capacitorless DRAM of claim 10, Wherein the ?rst 

conductivity type is a p-type and the second conductivity 
type is an n-type. 

12. The capacitorless DRAM of claim 10, Wherein a depth 
of a central portion of the channel body is larger than that of 
a junction region at Which the channel body contacts the 
source and drain regions. 

13. The capacitorless DRAM of claim 10, Wherein an 
insulation layer is interposed betWeen the plug nodes, the 
cylindrical auxiliary gates and the substrate. 

14. A method of fabricating a capacitorless DRAM com 
prising: 

forrning a pair of trenches apart from each other Within a 
substrate including device isolation regions; 

forming a protection layer on sideWalls of the trenches; 
isotropically etching the bottom of the trenches to form 

cylindrical openings underneath the trenches With the 
protection layer, the cylindrical openings having a 
larger diameter than a Width of the trenches and con 
tacting the cylindrical openings With each other; 

removing the protection layer; 
forming an insulation layer on the substrate contacting the 

trenches Without the protection layer and the cylindrical 
openings; 

implanting ions of a ?rst conductivity type onto an active 
region of the substrate con?ned by the trenches, the 
cylindrical openings and the device isolation regions; 

forming a conductive layer on the substrate doped With 
the ions of the ?rst conductivity type such that the 
conductive layer ?lls the cylindrical openings and the 
trenches; 

patterning the conductive layer to form a main gate over 
the substrate and plug nodes and cylindrical auxiliary 
gates Within the substrate; and 

implanting ions of a second conductivity type onto the 
active region using the main gate as a mask to form 
source and drain regions and a channel body betWeen 
the source and drain regions. 

15. The method of claim 14, Wherein the forming of the 
trenches includes: 

forming a hard mask layer on the substrate; 
forming a photoresist pattern on the hard mask layer, the 

photoresist pattern exposing regions in Which the 
trenches are to be formed; and 

etching portions of the substrate using the photoresist 
pattern as a mask. 

16. The method of claim 14, Wherein the channel body is 
formed Where the cylindrical auxiliary gates contact With 
each other. 

17. The method of claim 14, Wherein a depth of a central 
portion of the channel body is larger than that of a junction 
region at Which the channel body contacts the source and 
drain regions. 
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18. A method of fabricating a capacitorless DRAM com 
prising: 

forming a pair of trenches apart from each other Within a 
substrate including device isolation layers; 

forming a protection layer on sideWalls of the trenches; 
isotropically etching the bottom of the trenches to form 

cylindrical openings underneath the trenches With the 
protection layer, the cylindrical openings having a 
larger diameter than a Width of the trenches and con 
tacting the cylindrical openings With each other; 

removing the protection layer; 
forming an insulation layer on the substrate contacting the 

trenches Without the protection layer and the cylindrical 
openings; 

implanting ions of a ?rst conductivity type onto an active 
region of the substrate con?ned by the trenches, the 
cylindrical openings and the device isolation regions; 

?lling the cylindrical openings and the trenches With a 
conductive layer to form plug nodes and cylindrical 
auxiliary gates Within the substrate; 

forming a main gate over the substrate in Which the 
cylindrical auxiliary gates are formed; and 
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implanting ions of a second conductivity type onto the 
active region using the main gate as a mask to form 
source and drain regions and a channel body betWeen 
the source and drain regions. 

19. The method of claim 15, Wherein the forming of the 
trenches includes: 

forming a hard mask layer on the substrate; 
forming a photoresist pattern on the hard mask layer, the 

photoresist pattern exposing regions in Which the 
trenches are to be formed; and 

etching portions of the substrate using the photoresist 
pattern as a mask. 

20. The method of claim 15, Wherein the channel body is 
formed Where the cylindrical auxiliary gates contact With 
each other. 

21. The method of claim 15, Wherein a depth of a central 
portion of the channel body is larger than that of a junction 
region at Which the channel body contacts the source and 
drain regions. 


